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What is claimed is: 

1. A single crystal silicon wafer Waving a central 
axis, a front side and a back side whichf are generally- 
perpendicular to the central axis, a central plane 
between the front and back sides, a cArcumf erential edge, 
and a radius extending from the cent/ral axis to the 
circumferential edge, the wafer cotrfprising: 

a first axially symmetric /egion, extending radially 
inwardly from the circumf erent ia/1 edge, in which silicon 
self -interstitials are the /predominant intrinsic point 
defect and which is substantially free of agglomerated 
interstitial defects; 

ic region in which vacancies 



a second axially 
are the predominant 
axially symmetric 
extending from the 
and a bulk layer e 
central plane, the 
defects present i 
concentration in t' 



symme 
itrii 




ront 



t defect, the second 
mprising a surface layer 
ide toward the central plane 
ten#i/ig from the surface layer to the 
r density of agglomerated vacancy 
e/ surface layer being less than the 
ulk layer. 



nu 



2 . The waf efi as set forth in claim 1 wherein the 
surface layer has a depth, as measured from the front 
side toward the/central plane, of at least about 2 
microns . 



3 - The /wafer as set forth in claim 1 wherein the 
surface layer has a depth, as measured from the front 
side toward/ the central plane, of at least about 4 
microns . 
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4. The wafer as set forth in >claim 1 wherein the 
surface layer has a depth, as measured from the front 
side toward the central plane, cyf at least about 8 
microns . 
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5. The wafer as set ./forth in claim 1 wherein the 
surface layer has a depth, /as measured from the front 
side toward the central piane, of at least about 10 
microns. / 

6 . The wafer as/ set forth Jin claim 1 wherein the 

ixrdic region 7 has a width, as measured 



second axially symme 

/ / 

radially from the pe 
edge, which /is a 



radius . 



/ 



;as' 



regior 

:£al axi/ toward the circumferential 
about 2 5% of the length of the 



7. The 
second axilal 
radially f: 
edge , whi< 
radius . 



afer as set forth in claim 1 wherein the 
y Symmetric region has a width, as measured 
he central axis toward the circumferential 
is at least about 50% of the length of the 



8 ./ The wafer as set forth claim 1 wherein the wafer 
has an' oxygen content which is less than about 13 PPMA. 



The wafer as set forth in claim 1 wherein the 
first axially symmetric region has a width, as measured 
from the circumferential edge radially toward the center 
axd/s, which is at least about 10% the length of the 
ratlius . 
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10. The wafer as set forth /in claim 1 wherein the 
first axially symmetric region has a width, as measured 
from the circumferential edge radially toward the center 
axis, which is at least about B0% the length of the 
radius . 

11. The wafer as set forth in/claim 1 wherein the 
first axially symmetric region has/ a width, as measured 
from the circumf erentiay eage radaally toward the center 
axis, which is at leas/ akout 60% the length of the 
radius 



12 . The wafef as 
first axially symtfietr: 
from the circumf efr en t 
axis, which is at le$ 
radius . 



forth lr/ claim 1 wherein the 
ion has a width, as measured 
(l eUqe^radially toward the center 
t about 8 0% the length of the 



13 . The waf ef as set forth in claim 1 wherein the 
number density of /agglomerated vacancy defects present in 
the surface layer/ is about 2 0% less the number density of 
the bulk layer. 

14 . The wqlfer as set forth in claim 1 wherein the 
number density ip£ agglomerated vacancy defects present in 
the surface layer is about 40% less the number density of 
the bulk layer/. 



15. The 
number density 
the surface 1 
the bulk laye 



wafer as set forth in claim 1 wherein the 

of agglomerated vacancy defects present in 
yer is about 80% less the number density of 
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16. The wafer as set^§orth in claim 1 wherein the 
surface layer is substantially free of agglomerated 
intrinsic point defec 

17. The wafer/a/ s^eJL^ftJrth in claim 1 wherein the 
wafer has a diamefc^er of at least about 150 mm. 

18 . The jfraf er as set forth in claim 1 wherein the 
wafer has a diameter of at least about 200 mm. 

19. I A process for preparing a single crystal 
silicon wafer which is substantially free of agglomerated 
intrinsic Vpoint defects, the process comprising thermally 
annealing a single crystal silicon wafer at a temperature 
in excess af about 100 0°C in an atmosphere of hydrogen, 
argon or a mixture thereof, said wafer having a central 
axis, a front side and a back side which are generally 
perpendicular to the central axis, a central plane 
between the Aront and back sides, a circumferential edge, 
a radius extending from the central axis to the 
circumferential edge, a first axially symmetric region 
extending radiaUly inward from the circumferential edge 
in which silicori self - interst itials are the predominant 
intrinsic point defect and which is substantially free of 
agglomerated interstitial defects, and a second axially 
symmetric region, uocated radially inward of the first 
axially symmetric Region, in which vacancies are the 
predominant intrinsic point defect, the thermal anneal 
acting to dissolve agglomerated vacancy defects present 
in the second axiallM symmetric region within a layer 
extending from the fr&nt side toward the central plane. 
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20. The process as set forth in claim 19 wherein 
the wafer is thermally annealed in an argon atmosphere. 

21. The process as set forth in claim 19 wherein 
the wafer is thertnally annealed by heating the wafer to 
temperature rangimg from about 1100 to about 13 0 0°C. 

22. The process as set forth in claim 21 wherein 
the wafer is thermally annealed for about 1 to about 4 
hours . \ 

23. The procesp as set forth in claim 19 wherein 
the wafer is thermally annealed by heating the wafer to 
temperature ranging from about 12 0 0 to about 12 50°C. 

24. The process as set forth in claim 23 wherein 
the wafer is thermall|y annealed for about 2 to about 3 
hours . I 

25. The process las set forth in claim 19 wherein 
the layer extends from the front side and toward the 
central plane to a depth of about 4 microns. 

26. The process as set forth in claim 19 wherein 
the layer extends from the front side and towards the 
central plane to a depth of about 8 microns. 

27. The process as\ set forth in claim 19 wherein 
the layer extends from trie front side and towards the 
central plane to a depthlof about 10 microns. 
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28. The ptocess as set forth in claim 19 wherein 
the layer extends from the front side and towards the 
central plane tol a depth of about 20 microns. 

29. The pricess as set forth in claim 19 wherein 
the first axiallU symmetric region has a width, as 
measured from thel circumferential edge radially toward 
the center axis, tfhich is at least about 10% the length 
of the radius . \ 

30. The process as set forth in claim 19 wherein 
the first axially symmetric region has a width, as 
measured from the circumferential edge radially toward 
the center axis, which is at least about 30% the length 
of the radius . I 

31. The process- as set forth in claim 19 wherein 
the first axially symmetric region has a width, as 
measured from the cirdumf erential edge radially toward 
the center axis, which\ is at least about 60% the length 
of the radius. \ 

32. The process a* set forth in claim 19 wherein 
the first axially symmetric region has a width, as 
measured from the circumferential edge radially toward 
the center axis, which is\ at least about 80% the length 
of the radius. 1 

33. The process as sjet forth in claim 19 wherein 
the wafer has a diameter of at least about 150 mm. 
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34. The prdcess as set forth in claim 19 wherein 
the wafer has a diameter of at least about 200 mm. 

35. A process for preparing a silicon wafer which 
is substantially fdee of agglomerated intrinsic point 
defects, the wafer peing sliced from a single crystal 
silicon ingot having a central axis, a seed-cone, an end- 
cone, and a constant! diameter portion which extends 
between the seed-corie and the end- cone, the constant 
diameter portion havtng a circumferential edge and a 
radius extending from the circumferential edge toward the 
central axis, the ingot being grown from a silicon melt 
and then cooled from Ithe solidification temperature in 
accordance with the Cpochralski method, the process - 
comprising: 1 

growing the single crystal silicon ingot, wherein 
the growth velocity, V' and an average axial temperature 
gradient, G 0 , are controlled during the growth of the 
constant diameter portlion of the ingot over a temperature 
range from solidification to a temperature of no less 
than about 13 2 5 °C to aause the formation of a segment of 
the constant diameter portion which, upon cooling of the 
ingot from the solidification temperature, comprises a 
first axially symmetrical region extending radially 
inward from the circumferential edge toward the central 
axis in which silicon self - interst itials are the 
predominant intrinsic potlnt defect and which is 
substantially free of agglomerated interstitial defects, 
and a second axially symmetric region in which vacancies 
are the predominant intrinsic point defect; 

slicing the segment of the constant diameter portion 
to obtain a wafer, the wafer having a front side and a 
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back side which \are generally perpendicular to the 
central axis, ano a central plane between the front and 
back sides, the tfafer comprising the first and second 
axially symmetrica regions; and, 

thermally anmealing the wafer at a temperature in 
excess of about lcAoO°C in an atmosphere of hydrogen, 
argon, oxygen, nitrogen, or a mixture thereof to dissolve 
agglomerated vacanay defects present in the second 
axially symmetric region within a layer extending from 
the front surface toward the central plane of the wafer. 

36. The process as set forth in claim 35 wherein 
the wafer is thermally annealed in an argon atmosphere. 

37. The process! as set forth in claim 3 5 wherein 
the wafer is thermally annealed by heating the wafer to a 
temperature ranging fdom about 110 0 to about 13 0 0°C. 

38. The process as set forth in claim 3 7 wherein 
the wafer is thermally lannealed for about 1 to about 4 
hours . \ 

39. The process as\ set forth in claim 3 5 wherein 
the layer extends from the front side and toward the 
central plane to a depth bf at least about 4 microns. 

40. The process as s\et forth in claim 3 5 wherein 
the first axially symmetric region has a width, as 
measured from the circumferential edge radially toward 
the center axis, which is at least about 60% the length 
of the radius . 1 



